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. Abstract:Thisstudyexaminesnumericallythefateof cooledoceanwaterdischargedintothecoastal
oceanoTheoceanwaterwill eventuallybeusedtowarmuppetroleumliquidgasduringtransference
ftomshiptanksto landtanks,beingcooled'duringtheprocessoThereftigeratedwaterwill thenbe
releasedverticallythrougha singleportlocatedat2 metersbelowthesurfacein 15m of water.The
proposedoperationswill takeplaceattheSãoSebastiãoChannellocatedbetweenthecontinentandthe
SãoSebastiãoIsland,atabout23°48'S,045°22'W.Estimatedmeantemperaturedifferencesbetweenthe
eflluentandtherecipientseawaterwill beatmost3°C.Theproblemistreatedbyanalogytoanupside-
down(buoyant)thermaldischargeusingestablishedinitial mixingmodelsdevelopedby the US
EnvironmentalProtectionAgency.Duringsummer,whenambientstratificationis high,theeflluent
plumeis evanescent:i reachesthebottomwitha temperaturegreaterthantheambient,bouncesback
towardsthesurfaceandreachesequilibrium10mbelowthesurface.Duringwinter,ontheotherhand,
theplumeisbottomconfined:it reachesthebottomwithatemperatureslightlylowerthantheambient,
remainingatthatleveI.Modelresultsalsoshowthatforanyambientoceanconditionsthemixingtime
scaleisoforderofminutesandthefinalplumeconcentrationbtainedbymixingissmallerthan10%.
. Resumo:Esteestudoexaminanumericamentea descargade águareftigeradaemáguasoceânicas
costeiras.A águadomarseráutilizadaparaaquecimentodo gásliqüefeitodepetróleodurantesua
transferênciadostanquesdonavioparao continente,sendoresftiadadurante sseprocesso.A água
reftigeradaseráliberada,atravésdeumúnicodutolocalizadoa 2 metrosabaixodasuperficie,emum
localcujaprofundidadeé de 15metros.Essaoperaçãoserárealizadano Canalde SãoSebastião,
localizadoentreo continentea ilhadeSãoSebastião,emcercade23°48'S,045°22'W.A diferença
médiadatemperaturaentreoefluenteaáguaoceânicareceptoraserádenomáximo3°C.O problema
é tratadoaquide formaanálogaaoproblemade descargatermal(empuxo),utilizandomodelosde
misturainiciaisdesenvolvidospelaAgênciadeProteçãoAIDbientaldosEUA. Duranteoverão,quandoa
estratificaçãoégrande,aplumaéevanescente:elaalcançao fundooceânicocomtemperaturamaiordo
quea do ambiente,voltandoem direçãoa superficiee alcançando equilíbrioa 10 metrosde
profundidade.Duranteo inverno,poroutrolado,aplumaficaconfinadaofundooceânico,alcançando
o fundocomtemperaturaligeiramentemenorqueo ambiente,permanecendonessenível.Resultadosdo
modelotambém ostramqueparaqualquercondiçãoceânicalocalaescalatemporaldemisturaéda
ordemdeminutoseaconcentraçãofinaldaplumaobtidapelamisturaémenordoque10%.
· Descriptors:Dispersion,Reftigeratedwater,SãoSebastiãoChannel,Thermalimpact,Thermalplume,
Negativebuoyancy,Buoyantdischarge.
· Descritores:Dispersão,Águareftigerada,CanaldeSãoSebastião,Impactotérmico,Plumatérmica,
Empuxonegativo.
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Introduction
The buoyantplume problemsof major
interesto scientistsandregulatorshavetypically
involvedthedischargeof lightermaterialintodenser
environment,such as a smokeplume in the
atmosphere or freshwatersewageeflluent
dischargedinto the marine environment.The
subjectsofsubsurfaceandsurfacedischargesof large
heatedeflluentflowsas for examplefromthermal
electricpowerplantsare treatedin manyreports
(Marmoushet ai., 1984;WardJr., 1982;Hofer&
Kutter,1981;Barry& Hoffman,1972;Adams,1982;
Jirka,1982).
Herea specialclassof buoyantplumeis
investigated:the negativelybuoyantplume(also
called anti-thermaldischarge).Some industrial
wastesdischargedto marinewaterhavesufficient
dissolvedor suspendedsolidconcentrationssothat
thebulkdensityis greaterthanthereceivingwaters
intowhichtheyaredischarged.Anothercaseis the
dischargeof aneflluentcoolerthanitsenvironment.
Thiskindofproblem,althoughrare,hasusuallybeen
studiedby recastingthe problemin termsof an
analogouspositivelybuoyantcase.
Veryfewworksexistin theliteratureabout
anti-thermaldischarge.Thebestknownexampleis
thethermalfreshwaterplumedischargedto freezing
ambientfreshwater(e.g.,Frick& Winiarski,1978).
As thisplumecoolsbymixingwithwaternearthe
freezingpointit becomesdenserthantheambient
becausethe maximumdensityof freshwateris
around4°C.Thus,if thetemperatureof theambient
is lessthan4°C,thepotentialforthenascentdense
plumeexists.Thermalandanti-thermaldischarges,
however,are physicallysimilarbecauseboth are
subjectedto buoyancyforces,ambientflow and
ambientdensitystratification.
This work investigatesnumericallythe
behaviorof refrigeratedoceanwaterwhich will
eventuallybe dischargedinto the São Sebastião
Channel.There are plans for building a heat
exchangerfor warmingup liquid gas during its
transferencefrom ship tankersto landdeposits.
The heating element wouldbe oceansurface
waters,whichwouldbe cooledduringtheprocess
andthenreleasedbackintothechannelthrougha
diffuser.
Thediffusionandtransportprocessesof the
eflluentwithinthechannelwill beseparatedin two
partsspatiallyandtemporallydistinct:nearfieldand
far field analyses.The next sectioncontainsa
descriptionof boththeSãoSebastiãoChanneland
thediffusercharacteristics.In Sections3 and4 the
environmentaldataand models,respectively,are
presented.Section 5 describesthe numerical
experimentsand their results.Finally, Section6
containsadiscussionandtheconclusionsattained.
The São SebastiãoChannel and the
diffuser
The São SebastiãoChannel(SSe) is a
coastalchannelocatedbetweenthecontinentand
the São SebastiãoIsland (SSI). Its orientation
changesfromNE toN, in thesouthernandnorthern
parts,respectively(Fig. 1).Thechannelis about22
kmlongandwiderinbothentrances(7.2kmand5.6
kmin thesouthandnorth,respectively)thanin the
middle(1.9km). The 20 m isobathparallelsthe
channelmargins,andthemaximumdepthof about
45m is locatedin thechannelcentralandnarrowest
parto
TheSSC is ahighlyenergeticregionwhere
strongwind-drivencurrents,mixingofwatermasses
of contrastingoriginsanda well definedseasonal
thermoclineaccompaniedby a two-layerbaroclinic
structurecan be observed.There are not many
published studies about the SSC physical
oceanography,andmostof themareconcemedwith
thecirculation.The latterhasno strongcorrelation
withthetides,butis highlyinfluencedbythewind
(Emílsson, 1962; Kvinge, 1967; Castro, 1990;
Fontes,1995).Castro(1985)applieda barotropic
nestednumericalmodeltostudytheSSCresponseto
thewind-stressforcingduringwinter,beingableto
showthatcurrentsin theSSCarenotentirelylocally
forced.Residualsurfaceandbottomcurrentsflow
predominantlytowardsNE, althougheventshowing
southwardcurrentsarefrequent.
Thereis a strongseasonalsignal in the
verticaldensitystructure.Duringwinterthewaters
arealmosthomogeneous,whileduringsummerthere
is a strongthermoclineusuallybetweenmid-depths
andthebottom,resemblinga twolayerstratification
(Silva, 1995; Coelho, 1997). The seasonal
hydrographicvariabilitywithin the SSC follows
closelytheoneobservedin theadjacentinnershelf
(Castro,1996).
The cold wateroutfallwill eventuallybe
locatedaboutmidwaybetweenthe SSC entrances,
closertothecontinentthantotheSSI (Fig. 1).Local
depthat theprojectedreleasepoint is 15 m. The
refrigeratedwater will be releasedvertically
downwardthrough a single circular diffuser
(diameterof 76 em)2 m belowthe surface.The
eventualdischargewill be continuousandattaina
maximumof about4250 m31h.The estimated
temperaturedifferencebetweentheeflluentandthe
recipientseawaterwill beatmost3°C.Theeflluent
will havethesamesalinityastheambient.
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SÃO SEBASTIÃO
ISLAND
Fig.1.SãoSebastiãoChannelandlocationofthestationwherethedatawerecollected.
Ambient data
The principalenvironmentalvariablesto
considerin dilutionpredictionsare the ambient
densitystratificationandcurrents.Therefore,vertical
profilesof temperature,salinityandcurrentyelocity
havebeenanalyzedto obtaintheseasonalpatterns
usedasinitialconditionsforthesimulationmodels.
Datausedin thisworkwascollectednear
there1easepoint(Station5, Fig. 1) as partof the
project "Hydrodynamicsof the São Sebastião
Channe1(HIDROCASS)"(Castro& Miranda,1995).
Instantaneousvertical cm and currentmeter
profileswereobtainedfromananchoredboatduring
19fieldcampaignscarriedoutduringa timeperiod
of 2 years(from November,1991to December,
1993).
Thedataanalysismainobjectivewastofind
theworstambientconditionsfortheeffiuentmixing,
or typicallyhigh verticalstratificationand low
currentspeeds.Near the projectedreleasepoint
thermalstratificationwassmallduringwinterand
currentintensityvariedbetween0.25and0.32m/s
(Fig.2 - continuousline).Duringsummer,however,
the water was much more stratified, with
temperaturesof about26°Catseasurfaceand18°C
nearthebottom,andtheweakestmeasuredcurrents
hadspeedsalwaysbelow0.2m/s(Fig. 2 - broken
line).
Models
Nearfieldmodel
Dispersionstudiesusuallybegin with a
descriptionof the plumebehaviorin the region
locatedinsidethezoneof initial dilution.In this
zone,nearthediffuser,mixingis controlledbythe
combinedeffectsof momentumandbuoyancyof the
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dischargedfluid, and by the ambienturbulence.
Timeandspacescalesaretypicallyof theorderof
minutesandtenstohundredsofmeters,respectively.
The rateof dilutionis quiterapidin thefirst few
minutesafterthejet exitstheditfuser,decreasing
markedlyafterthe efl1uentinitial momentumis
dissipatedandthebuoyancycontrastsareattenuated.
Theinitialdilutionis usuallyalsodependentonthe
ambientcurrentspeed.
In thispapertheinitialdilutionregionis
treatedby analogyto an upside-down(buoyant)
thermaldischarge.ThewellknownIntegralPlume
Model,developedbyBaumgartnert aI. (1993),is
used. The model reducesthe essentiallythree
dimensionalproblemtoanumericalonedimensional
problembyintegratingoverthecross-sectionof the
plumeusingtheassumptionofself-similarity.Partof
the modeloutputis the dilutionand the plume
geometry(thickness,width,verticalelevationin the
watercolumn).
ModelformulationisLagrangianandit uses
theprojectedareaentrainrnenthypothesiswhichis a
statementof forcedentrainrnent- herateatwhich
massis incorporatedintotheplumein thepresence
ofcurrent(LeeetaI.,1987;Cheung,1991).
Entrainmentis the processby whichthe
plumeincorporatesambientmaterialinto itself.It
maybethoughtof asa processin whichfluidflows
intotheplumeinteriorthroughtheexteriorsurface.
Altematively,it maybeconsideredtobea,processof
accretionfollowedbytheredistributionof material.
Themodelusedhereis consistentwiththeprojected
areaentrainrnenthypothesis.
Severalmechanismsof entrainrnentare
considered:aspirated,forced,andturbulent(oreddy
ditfusion).Aspirated(also calledjet or Taylor)
entrainmentis presenteven in the absenceof
currents.It is dueto the fact thathigh velocity
regions,as the initial jet, have relativelylow
pressures.The consequentpressuregradientforce
inducesmovementsof the surroundingambient
waterintotheplume.Forcedentrainmentis dueto
thepresenceof currentswhichadvectmassintothe
plume.Ditfusionisassumedtobealwayspresent,but
it is reallyimportantonlybeyondtheinitialdilution
zone. It becomesdominantafter the othertwo
entrainrnentmechanismdie off dueto the steady
reductionin shearbetweenthe plumeand the
ambient.Thistransitionseparatesthenearfieldftom
thefarfield.
Entrainrnentthroughtheprojectedareaof
theplumeis composedofthreeterms.Thefirstterm
is proportionalto the lengthand radiusof the
element(thecylindercomponent),hesecondto the
growthin diameteroftheplume,andthethirdtothe
curvatureoftheplumetrajectorythatopensordoses
area on the elementsurface.All are simply
mathematicalpartsof theoverallprojectedareathat
contributeto forcedentrainrnent.A fourthterm,
encompassingtheentireperipheralarea,accountsfor
aspirationentrainrnent.
When adjacentplumesgrow sufficiently
theybegintomergeandentraineachother.Merging
of plumeshas the immediate ffectof reducing
entrainrnentbyreducingthecontactareabetweenthe
plume and its environrnent.Each of the four
entrainrnenttermsis decrementedto a different
degreeas mergingproceeds.In essence,merging
simply necessitatesome geometriccorrections.
Here, only the merging of adjacentplumes
dischargingftomlinearditfuserareconsidered.
Theplumeis assumedtobein steadystate,
implyingthatsuccessivelementsfollowthesame
trajectory.The steadystateassumptionis usedto
derivethelengthoftheplumeelementasa function
of the instantaneousaveragevelocity,its initial
length,andtheinitialefl1uentvelocity(Baumgartner
etaI.,1993).
The Integral Plume Model indudes
statementsforconservationoftotalmass,momentum
andenergy.Conservationoftotalmassstatesthatthe
initialmassmaybechangedonlybyentrainrnent:
dm --
- =-P. Ap . U +p At vtdt (1)
wheredmis theincrementalmountof massin the
timeincrementdt;P.andparethelocalambientand
averagelementdensities,respectively;Ãp is the
projectedarea;U is the averagevelocityof the
ambientflowthroughtheprojectedarea;At is the
areaof the plumeelementin contactwith the
ambientfluidandVt is theTayloraspirationspeed.
The fust termon the right sideof equation(1)
representsthe forcedentrainrnent,andthesecond
termrepresentstheaspiratedentrainrnent.Further
detailsareavailablein Lee et aI. (1987),Cheung
(1991)andFrick(1984).
Themomentumequationis:
d
( V
-
)_U
- dm (P. - P)-- m - --m - gdt dt P (2)
whereV is theaverageambientvelocityandg is
thegravityvector.Equation(2)statesthatthechange
inmomentumin theelementis duetotheamountof
momentumintroducedbytheentrainrnentmass(dm)
andthechangein verticalmomentumgeneratedby
thebuoyantforce.The implicitassumptionis that
drageffectsareabsent.This is consistentwiththe
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conceptionoftheelementhavingthesameproperties
astheambientontheoutsidesurfacesoftheelement.
Effectively,thereareno shearsthatcangenerate
drag.
The momentumequationincludesthe
reducedgravityterm,whichmustbe determined.
Here,densitiesarederived&omtheequationof state
usedbyTeeterandBaumgartner(1979).
The model uses the following
thermodynamicequation:
d
dí(mT) =T dma dt
(3)
whereT andTaaretheaveragelementtemperature
andambienttemperature,r spectively.Accordingto
equation(3)thetotalvariationofenergyisduetothe
thermalenergyintroducedbytheincorporatedmass
dm.Radiation,conductionanddiffusionprocesses
arenotimportantin thisstageofmixing.
Conservationofsalinityisexpressesby:
d
d/mS)=S dma dt
(4)
whereS andS. aretheaveragelementsalinityand
theambientsalinity,respectively.
In orderto closethe problem,boundary
conditionsmustalsobe specified.For theeft1uent
theseincludethe dischargeflow rate,t~perature
andsalinity.Forthereceivingambienttheseinclude
verticalprofiles of currentspeedand density
stratification,andthelocationof the source(&om
whichthesubs~uentpositionoftheplumeelement
maybedetermined)andtheinitialplumeradius.
Far fieldmodel
Thesecondpartof theproblempertainsto
horizontaldistancesgreaterthanabout100m &om
thepointofdischarge,wheremixingis governedby
ambientprocessesratherthanthemomentumand
buoyancyof thedischarge.Timescalesrange&om
tenthsof minutestohours.Thefar fieldmodelwas
appliedwhentheplumereacheditsmaximumfall.
Duetothelowconcentrationvaluesobtainedatthe
end of the near field analysis,a comparatively
simplermodelwas chosento studythe far field
problem.Thismodelis knownasTransientPlume
Model(Baumgartnertai., 1993).
Output&omtheIntegralPlumeModel is
automaticallyfedas inputto the TransientPlume
ModeI.This last also usesthe ambientaverage
velocity.Output&omthefarfieldmodelconsistsof
theplumedilutionas a functionof its horizontal
positionalongthetrajectory.
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TheTransientPlumeModelconsidersthat
the dilution causedby the transportof the
contaminanttoanewambientis:
(5)
whereerf is theerrorfunction;C is thecenterline
concentration;C. and b are the centerline
concentrationsandthewidthoftheplumeattheend
4
of the nearfield mixing,respectively;(X.b3 is a
dispersioncoeflicient(Okubo,1962;Fischeret ai.,
1979)andt is thetraveItime&omthepointwhere
theinitialdilutionends.
Results
We have selectedresults &om two
numericalexperimentsto illustratethe physical
behavioroftheanti-thermaldischarge.Thedataused
as inputto winterand summerexperimentsare
shownin Figure2. Thenearfieldmodelwasrun
&omthereleasemomentuntiltheeft1uentreacheda
stablepositionin thewatercolumn.Fromthatpoint
the far field modelwas appliedconsideringthe
ambientvelocityexistingattheequilibriumleveI.
The fundamentalphysicalvariableof the
buoyantjet(orforcedplume)in a fluidisthedensity
oftheissuingfluidoThecharacteristicdimensionless
parameterthatgovernsthemechanicsofthebuoyant
jetistheexitdensimetricFroudenumber,definedby:
(6)
wherellois theeft1uentdischargevelocity,O is the
nozzlediameter,g is theaccelerationof gravityand
Ap is theinitialdensitydifferencebetweenjet and
ambientfluid at portdepth(2 m). This parameter
describestheratioof thesumof all forcesperunit
mass,1lo2,tothebuoyancyforceperunitmass,g O
Ap/ pofthefluido
WhenFo~ 00,inertiadominates,andthe
buoyantjet behaveslike apure momentumjet.
Conversely,whenFo is smalI,buoyancydominates,
anda plume-likemotionarises.ln theintermediate
casewhenFo hasa finitevalue,bothinertiaand
buoyancyeffectsan~important.TheFroudenumber
obtainedforthesuminerandwinterconditionswere
45.6 and 36.5, respectively,suggestingthat the
inertiaforceis alwaysdominantbutsomewhatmore
importantinthesummercase.
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Fig. 2. Vertical profiles of (a) temperature,(b) salinity and (c) currentalong the São SebastiãoChannel.
Summercondition(brokenline). Winter condition(continuosline).
Resultsfor the near field analysisare
presentedin Figure3. Thefiguredisplaystheocean
ambienttemperature(continuousline) and the
effluentcenterlinetemperature(brokenline) as a
functionof depth.For thesummerexperimentthe
plumereachesthe ambientemperature(TA) at a
depthof4 m,orafteraverticaldisplacementof only
2m(Fig.3a).AfterreachingTAtheplumecontinues
itsdescendingmotiondowntotheoceanbottomdue
to itsverticalmomentum.As theplumedescendsin
the water column, it rapidly warms through
entrainment.Whenreachingthebottomtheplume
centerlineshowsan effluentconcentrationof about
9% anda temperature3°C higherthanthe near
bottomambienttemperature(Table1).Thenegative
temperaturedifferenceinducesa positive(upward)
buoyancyableto risetheplumeITomthebottomto
the10mlevel,whereit findsitsstaticstabilityleveI.
When reachingthe equilibriumleveI the plume
temperatureis identicalto thatof the surrounding
water,andtheplumephysicallydisappearsalmost
instantaneously,withoutoscillations.In thiscasethe
plumecouldbecalledevanescent.Plumediameterat
theoceanbottomwasabout10m. In thiscase,the
effluent descendingmotion can be considered
practicallyvertical:thehorizontaldistancebetween
theplumecenterlineat thedischargedepthandat
theoceanbottomwasonly3m.
Duringthewinterexperiment(Fig.3b)the
plumetemperature(Tp)remainedsmallerthanthe
ambienttemperaturethroughouthe descending
motion.At theendof thenearfieldanalysis,plume
temperaturewas only O.06°Csmallerthan the
ambientwatertemperature.This smalltemperature
differencewentto zeroin a radiusof orderof 7 m.
Consequently,theplumereachedtheoceanbottom
practicallywith the samedensityas that of the
ambientwater,tendingtoremainatthatleveI.In this
casetheplumecouldbecalledbottomconfined.The
effluentconcentrationwas small (2.7%)and the
plumepresentedadiameterof 14.5mneartheocean
bottom.Plume descendingtrajectorywas more
detlectedITomthelocalverticalthanin theprevious
experiment:the horizontaldistancebetweenthe
centerlineffluentat surfaceandbottomwasabout
12meters.
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Fig.3.Ambientoceanwatertemperature(continuousline)andnearfieldplumecenterlinetemperature(broken
line),in °C,asafunctionofdepth,inmeters.(a)Summerand(b)winterconditions.
Table1.Resultsobtainedneartheoceanbottomduringthe
nearfield analysis.TA andTp arethe ambient
water and centerline plume temperature,
respectively.
Resultsfor thefar fieldanalysisperformed
forthewinterconditionsareshownin Table2. The
plumespeedusedin theexperimentcorrespondsto
theobservedvalueneartheoceanbottom,0.25m/s
(Fig.2c- continuosline).
Table2. Resultsobtainedat the end of the far field
analysisfor winter,whentheplumeis 800m
away&omthedischargepoint.
At theendof thefarfieldanalysisboththe
plume concentrationand temperaturedifference
betweentheambientandtheplumewereverysmall,
1% and0.03°C,respectively.The plumereached,
after0.9h, analongchannelhorizontaldistanceof
800m(Fig.4).
Winter
4
200 400 600
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800
Fig.4.Farfieldplumeconcentration(%)asfunctionofthe
distancealongthe São SebastiãoChannel(in
meter).
Discussionand conclusions
Theambientverticaldensitystratificationis
the main factor responsiblefor the contrasting
modeledplumebehavior.Duringsummer,whenthe
verticaldensitystratificationis high, the plume
behavioris evanescent.In this casethe plume
bouncesbacktowardsthesurfaceafterreachingthe
oceanbottom.The plumedescendingmotionis
controlledbasicallyby the initial inertiaat the
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diffuser.Buoyancy,ontheotherhand,controlsthe
ascendingmotion,since the plumereachesthe
bottomwith a temperaturehigher than the
surroundingseawater.Duringwinterthe vertical
densitystratificationis low,andtheplumetendsto
beconfinednearthebottom.This is duetothevery
smallpositivetemperaturedifferencebetweenthe
surroundingwaterandtheplumeat theendof the
descendingmotion.
The thermalimpactof theeffluentat the
channelbottomcanbe calledpositiveor negative,
dependingon whetherthe plumetemperatureis
higheror lowerthanthesurroundingwater.Positive
thermal impacts are associatedto evanescent
plumesand negativeimpactsto bottomconfmed
plumes.
Positive thermal impactsoccur during
summer,whenthethermalstratificationofthewater
columnis large.In thissituationthereis nofarfield
mixing,sincethe plumereachesthe equilibrium
leveiwiththesamephysicalcharacteristicsa the
environment.Thesummerpositiveimpactsarethen
local,reachingamaximumradiusoftheorderoften
meters.
Negative'thermalimpactsare observed
duringwinter,when the watercolumnthermal
stratificationissmall.Duringthefarfieldmixingthe
bottomconfinedeffluentis advectedby thebottom
currents,coveringalargerareaoftheoceanbedthan
thatassociatedtotheevanescentplume.Experiments
haveshownthattheplumehorizontaldisplacement
canbeoftheorderof 1kminabout1hour.
ConcIuding, bottom positive thermal
impactsduringsummerdisplaylargertemperature
differencesbetweentheeffluentandtheambientbut
theyarelocalphenomena.Bottomnegativethermal
impactsduringwinter,on theotherhand,present
smallertemperaturedifferencesbetweentheeffluent
andtheambientbuttheyextendfora largerareaof
thechannelbottom.
Ambientcurrentswill alsoinfluencetherate
of dilutionduringplumesinkingirrespectiveof jet
momentumandbuoyancy.Underlow currentsthe
plumewill be retainedcIoser to the diffuser.
Entrainedorganismsandnear-bottomresourcesare
moreatriskunderthisscenario.
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